Two insertion sequences, IS6110 and IS1081, specific to the tuberculosis complex mycobacteria and a highly reiterated DNA element (pTBN12) cloned from Mycobacterium tuberculosis were systematically used to identify restriction fragment length polymorphism (RFLP) types among bovine isolates of Mycobacterium bovis in Northern Ireland. In a sample of 109 isolates, probes IS6110, IS1081, and pTBN12 identified 10, 2, and 12 distinct patterns, respectively. By combining the patterns generated by the three probes it was possible to identify 28 distinct RFLP types. The standard protocol advocated for RFLP analysis ofM. tuberculosis was used and would facilitate computer-based gel documentation and image analysis to establish a database of M. bovis types for large-scale epidemiological studies. These procedures will facilitate interlaboratory comparisons of M. bovis isolates and will help to elucidate the precise epidemiology of bovine tuberculosis in diferent countries.
Mycobacterium bovis is the causative agent of bovine tuberculosis. This disease continues to be of considerable importance to farming economies in several developed countries as well as a significant zoonosis in many developing areas. It has been reported that M. bovis infection in the badger population in the United Kingdom and Ireland and in possums in New Zealand has impeded attempts to eradicate bovine tuberculosis in those countries (8, 13, 17) . A more precise understanding of the epidemiology of M. bovis infections in cattle and wildlife reservoirs is required to achieve better disease control or eradication. The ability to clearly identify and differentiate significant strains should facilitate this. M bovis, M tuberculosis, M africanum, and M microti comprise the tuberculosis complex, a closely related taxonomic group of slowly growing mycobacteria which are often difficult to differentiate by traditional phenotyping (34) . It has been suggested that they should be considered variants of a single species (16) . Until recently, only limited strain differentiation within species of the tuberculosis complex was possible, but the procedures used are time-consuming, laborious, and not sufficiently discriminatory (11) . Restriction enzyme analysis (REA) of genomic DNA was used initially to differentiate species of the tuberculosis complex and subsequently M bovis strains (4, 5) . This technique has successfully been applied in several epidemiological studies in New Zealand to identify strains of M bovis in cattle and wildlife (6, 8) . Unfortunately, it has not gained widespread acceptance, primarily because of difficulties in interpretation of the REA patterns (7) .
The relatively recent recognition of insertion sequences in the tuberculosis complex has resulted in the application of restriction fragment length polymorphism (RFLP) analysis in elucidating the epidemiology of human tuberculosis (2, 3, 19, 21, 25) . Such DNA fingerpnnting has been used in studies of small epidemics, nosIocomial infections, and outbreaks of multidrug-resistant M tuberculosis (31) . The most intensively studied element is the insertion sequence IS6110, which is related to the IS3 element in the eubacterial genome and is present in up to 20 copies per genome (22, 29) . Its host range is apparently restricted to the tuberculosis complex mycobacteria, making IS6110 an attractive target for rapid detection by PCR (1, 15) . In an RFLP analysis of a small number ofM. bovis isolates, mostly of human origin, IS6110 was present in only one to five copies, with the majority of isolates having only a single copy (32) . In New Zealand examination of 160 isolates of M. bovis comprising 95 REA types identified only 15 IS6110 RFLP types (7) . The insertion sequence IS1081 was described more recently (9, 33) . The putative transposase of this 1,324-bp sequence shows identity with IS256 of Staphylococcus aureus, and its host range is apparently limited to all members of the tuberculosis complex except for one M. xenopi strain. Its use in RFLP studies has shown very limited polymorphism among isolates and an inability to differentiate species of the tuberculosis complex (7) .
DNA polymorphism can also be due to repetitive DNA elements consisting of short direct repeats, and several such elements have been described in mycobacterial DNA (12, 18, 27) . A multiple polymorphic tandem repeat sequence in M. tuberculosis designated MPTR was described (20 (26) . The element responsible for identifying DNA polymorphism was subsequently cloned in a plasmid designated pTBN12 and characterized previously (27) . It has been used extensively to identify epidemiologically significant polymorphism, but again mostly with isolates of M tuberculosis (14, 35 RFLP analysis. The RFLP patterns assigned to the same random sample of 12 M. bovis isolates in the present study probed with IS6110 (Fig. 1A), IS1081 (Fig. 1B) , and pTBN12 (Fig. 1C) are shown. When used to probe blots of PvuIIdigested M. bovis DNA, IS6110 identified 10 different types among the 109 isolates. The majority (n = 105) had two hybridizing fragments in seven different patterns, six of which are shown in Fig. 1A . The remaining four isolates had four hybridizing fragments in three different patterns, one of which is shown in Fig. 1A . By adopting the standard protocol advocated previously (30) , molecular size markers were incorporated into each lane. This allowed accurate sizing of DNA fragments and compensated for the slight differences in the gel runs from different days. The first and last gel lanes were also marked to allow molecular size markers to be superimposed. M. tuberculosis NCTC 7416 contained more than 20 IS6110-hybridizing fragments (data not shown), demonstrating the higher copy number of this element. M. bovis BCG NCTC 5692 gave an IS6110 DNA fingerprint with two fragments which clearly differed in size from those of any of the M. bovis fingerprints in the present study (data not shown).
Nylon filters containing PvuII-digested M. bovis genomic DNA, which had been probed for IS6110-hybridizing fragments, were stripped and reprobed with the 317-bp IS1081 probe. M. bovis field isolates were clearly divided into only two patterns (Table 1; Fig. 1B ). The majority (n = 106) were pattern A. Six IS1081-hybridizing DNA fragments were identified in all isolates. M. tuberculosis NCTC 7416 was pattern A and could not be distinguished from the majority of M. bovis isolates (data not shown). However, M. bovis BCG NCTC 5692 was clearly identified by its fingerprint, which included an IS1081-hybridizing fragment of 8 kb (data not shown). The IS1081 probe was made by labelling a PCR product of 317 bp within the IS1081 sequence.
Genomic DNAs from all of the mycobacterial isolates were digested with Alul, subjected to electrophoresis, Southern blotted, and probed with the cloned repetitive DNA insert of pTBN12. This probe hybridized to a large number of restriction fragments (Fig. 1C) (10, 27) . At least 30 repetitive elements exist in M. tuberculosis and M. bovis (27) , and the probe therefore generates a relatively complex fingerprint for M. bovis. However, the patterns generated with pTBN12 were easier to record and analyze than the complex banding patterns for some isolates generated by REA (data not shown). By using pTBN12 to probe AluI digests of bovine M. bovis isolates from Western Australia, relatively more RFLP types were identified than were apparent in the present study (10) . Since the methodology was essentially the same, a number of other factors could account for this, including farm management practices, the larger geographical area, and the size of the cattle population. The structure and function of the repetitive element cloned in pTBN12 have not yet been resolved, but its presence in multiple copies in tuberculosis complex mycobacteria and some mycobacterial species other than the tuberculosis complex suggests a common functional domain (14, 27 Both single and multiple isolates of several RFLP types were found in herds included in the present initial study. It is not yet possible to say whether RFLP types are associated with particular patterns of disease in herds, e.g., herds with only one or two infected animals or those with a higher proportion of affected animals. Outbreaks of disease caused by more than one M. bovis type suggest multiple sources of infection, possibly because of the purchase of infected animals from other premises or simultaneous infection from neighboring herds or wildlife reservoirs. In the present study, 10 skin test reactors were identified on the same farm (farm A). M. bovis type 13 was isolated from all 10 animals. RFLP type 13 was also isolated from a single animal reacting positively to the single comparative intradermal cervical tuberculin test on another farm 30 mi (48 km) away (farm B). Tracing of animal movements revealed that the single reactor on farm B had spent a short period of time in the farm A herd, and this was a likely source of infection for that animal. Frequent movement of animals between farms in a small geographical area is common in Northern Ireland, and interbovine transmission is recognized as highly significant in maintaining the disease in the cattle population (24) . RFLP typing of M. bovis isolates in conjunction with the recording and tracing of cattle movements will therefore be extremely useful in elucidating the epidemiology of bovine tuberculosis. The procedures detailed here will be used to establish a computer database of DNA fingerprints for M. bovis isolates for Northern Ireland cattle and wildlife. A future aim is to improve the discriminatory potential of this technique by analyzing different restriction enzyme and DNA probe combinations to further resolve the ubiquitous RFLP type 1. In order to understand the value of these probes for differentiating M. bovis strains from cattle, it will be necessary to test strains for which epidemiological data are available. Adoption of the procedures described here would therefore facilitate interlaboratory comparisons of M. bovis isolates and help to elucidate more thoroughly the precise epidemiology of bovine tuberculosis in different countries.
